Background. Chronic graft nephropathy is the most frequent cause of long-term renal transplant loss. Although immunological causes participate in its pathogenesis, other non-immunological factors such as hyperfiltration due to reduced renal mass have been proposed as causal factors of chronic renal graft nephropathy. Aim. This study aimed to assess the effect of weight disproportion between the donor and recipient in the development of chronic renal graft nephropathy. Methods. Three weight categories for donors and recipients were established: <50, 50-75 and >75 kg. Three groups were distinguished according to the three possible weight combinations between donor and recipient: donor weight (DW)>recipient weight (RW) (N ¼ 133), DW ¼ RW (N ¼ 255) and DW<RW (N ¼ 80). For the study of paired kidneys from the same donor, a multiple Cox regression model was applied to observe the influence of the weight differences between donor and recipient and other variables on the long-term graft and patient survival, and on the level of serum creatinine, proteinuria and arterial hypertension at 3 months after transplantation. Results. Graft survival at 10 years was significantly lower in the DW<RW group vs the DW ¼ RW and DW>RW groups. In addition, the DW<RW group developed higher proteinuria even by 3 months of evolution. Donor and recipient age, acute rejection and type of immunosuppressive treatment were also independent risk factors to develop chronic nephropathy in this study of paired kidneys. Conclusions. Weight disproportion between donor and recipient, unfavourable to the recipient, is a risk factor for the development of chronic graft nephropathy.
Introduction
In recent years, the incidence of acute rejection has drastically decreased and short-term survival of the renal transplantation has improved with the introduction of new drugs and immunosuppressive regimes [1, 2] . As a reflection of this fact, half-life time and longterm survival of the renal transplant have also improved [3] , but the renal graft losses continue to be a constant over time.
There are unquestionable immunological causes in this chronic and progressive deterioration of the renal function in renal transplants. However, many other non-immune aetiological factors, that negatively influence the long-term renal graft survival, have been demonstrated in recent years. For example, cadaver donor, acute tubular necrosis, acute rejection incidence and its severity, donor age and cause of donor death, have been related with the development of chronic graft nephropathy [3] [4] [5] .
Brenner et al. [6] have proposed a disproportion between the transplanted renal mass and the weight or body surface of the recipient as a human model to explain chronic graft nephropathy. This condition would support the theory of hyperfiltration demonstrated in rats with ablation of five-sixths of their renal mass [6] .
In this sense, there are studies that demonstrate worse evolution in the transplants having a disproportionally low transplanted renal mass in the recipient, as in the case of child donors to adult recipients [7] and elderly donors [8] . Furthermore, even with an adequate HLA matching between donor and recipient, graft survival is worse in low transplanted renal mass conditions [9] .
This study aimed to assess the influence of weight disproportion between donor and recipient in the development of chronic renal graft nephropathy by analysis of paired kidneys from the same donor.
Subjects and methods
Among the 3365 transplants included in the study database, 1054 were paired because they came from the same donor. Weight, which was categorized into <50, 50-75 and >75 kg, had been specified for donor and recipient in 468 of these transplants. Three study groups were defined according to the relationship between donor and recipient weight: donor weight (DW)>recipient weight (RW) (N ¼ 133), DW ¼ RW (N ¼ 255) and DW<RW (N ¼ 80).
Long-term graft and patient survival and serum creatinine, proteinuria and hypertension at 3 months after transplantation were outcome variables employed for measuring chronic graft nephropathy in the three study groups. Arterial hypertension was defined as SBP/DBP>140/90 mmHg and/or treatment with antihypertensive drugs.
Additionally, other variables available just after transplantation were analysed: recipient age and sex, donor age, sex and cause of death, time on dialysis, primary disease, type of dialysis, prior transplantation, last panel reactive antibodies, cold ischaemia time, delayed graft function, cytomegalovirus infection, acute rejection, immunosuppressive treatment, HLA mismatches and surgical complications.
When comparing the three study groups, transplants belonging to the same donor were paired, i.e. each one of the two renal transplants from the same donor could belong to the same study group or to different groups. According to this paired analysis, the following 212 pairs could be established: DW<RW vs DW<RW (N ¼ 37); DW<RW vs
In 22 renal transplant pairs from the same donor, the weight of one of the recipients is available but not that of the recipient who received the contralateral kidney. These 22 pairs for which the donor-recipient weight relationship could not be established were not considered for this paired comparison, but they were included in multiple regression analyses to evaluate the effect of other risk factors on long-term outcome of renal grafts.
Statistical analysis
Death-censored graft and patient survival were analysed by means of simple and multiple Cox proportional hazards regression. Creatinine and proteinuria were analysed by employing mixed linear models, specifying an unstructured covariance matrix for paired transplants. To study hypertension incidence, logistic regression with generalized estimating equations and an unstructured covariance matrix was employed.
Results
The following shows the characteristics and evolution of the three study groups according to the weight relationship between donor and recipient. The results of the three study groups are the consequence of the implementation of the statistical analysis to the six combinations of the 212 kidney transplant pairs from the same donors described above.
The characteristics of the three transplant groups, according to the donor-recipient weight relationship, are shown in Table 1 . The DW<RW group had a significantly greater percentage of female donors and male recipients, with a significantly lower donor age, and cranioencephalic traumatism predominating as the cause of donor death. The acute rejection incidence was similar, although a greater rate of rejections with a greater severity index (Banff III) predominated in this group. The DW ¼ RW group showed lower incidence of delayed graft function. The remaining variables analysed were similar in the three groups (data not shown).
Graft and patient survival
Results of graft survival analyses are provided in Table 2 and Figure 1 (multiple Cox regression). As found in the multiple Cox regression, the relationship between donor and recipient weight had a significant effect on graft survival. More specifically, the risk for graft loss was significantly higher when donor weight was lower than the recipient weight. Other variables predicting graft survival were recipient and donor age, immunosuppressive treatment administered at the time of transplantation, and the presence/absence of acute rejection. Patient survival analyses are described in Table 2 and Figure 2 (multiple Cox regression). As can be seen, no significant differences were observed with respect to the relationship between donor and recipient weight.
Recipient age, the presence/absence of acute rejection and time on dialysis remained as significant predictors of patient survival.
Results of 5 and 10 years graft survival time are described in Figure 1 , while the 5 and 10 years patient survival time are shown in Figure 2 .
Serum creatinine, proteinuria and arterial hypertension
Regarding creatinine, the relationship between donor and recipient weight showed a significant effect in the bivariate analysis (higher creatinine when donor Centre could not be included as an adjustment variable because within the analysed sample some centres did not report any graft losses/deaths. weight<recipient weight; data not shown), but it was not significant in the multiple regression analysis (Table  3 ). Male gender of recipient, donor age>60 years, stroke as cause of donor death, delayed graft function, acute rejection and surgical complications were other independent risk factors. With respect to proteinuria, there were significant differences when studying the relationship between donor and recipient weight both in the simple and multiple regression (Table 3) . Mean proteinuria was significantly higher when donor weight<recipient weight. In addition, acute rejection was also an independent predictor to develop proteinuria.
The multiple logistic regression showed that delayed graft function and the presence of a prior transplantation significantly predicted a higher incidence of arterial hypertension. The relationship between donor and recipient weight showed no significant differences (data not shown).
Discussion
The transplant group in which donor weight was less than recipient weight presented a statistically significant worse long-term graft survival. In our analysis, done with paired kidneys, the disproportion of body weight between donor and recipient, with a greater recipient weight regarding the donor, is a risk to develop chronic graft nephropathy independently of donor and recipient age. Furthermore, when donors or recipients are elderly and acute rejection is added, the risks of presenting chronic nephropathy increase.
Female donors and male recipients predominate in the group of weight relationship between donor and recipient having the worst prognosis, DW<RW. Brenner et al. [6] , in their analysis published in the early 1990s, had already suggested that this combination (female donor-male recipient) was not sufficient to receive an adequate dose of nephrons, producing hyperfiltration phenomena that led to chronic graft nephropathy.
Moreso et al. [10] performed a study analysing the influence of differences in recipient body surface on renal allograft evolution, comparing, as in our study, paired kidneys from the same donor. They found that larger recipients had a higher incidence of delayed graft function and arterial hypertension and higher serum creatinine values in the first year of evolution, as a reflection of the disproportionately low renal mass received. However, they do not find any association between recipient size and graft survival at 5 years.
Kasiske et al. [11] , analysing the data from the United Stated Renal Data System, found that recipients whose body surface area is greater than that of the donor present a greater risk of late renal graft failure.
We did not observe that the disproportion of weight between donor and recipient had an influence on the serum creatinine level in the early post-transplant period, specifically at 3 months of evolution. However, in our study, the donor weight<recipient weight disproportion was a risk factor for the development of a higher mean proteinuria at 3 months. Proteinuria is an early symptom of glomerular hyperfiltration and precedes the development of renal failure, both in the experimental models as well as in humans. Thus, at 3 months, a disproportionally greater weight of the recipient in regards to the donor might produce the appearance of proteinuria, but not of renal failure. This weight disproportion may cause renal function deterioration through hyperfiltration in the longer term. In this way, we observe worse graft survival at 10 years in transplant patients whose donor weight is less than the recipient weight. It is known that proteinuria is a poor prognostic marker in any type of nephropathy affecting native kidneys and renal allografts [12, 13] . Recently, the beneficial effects of ACEIs and the angiotensin II receptor antagonists in different nephropathies with proteinuria have been published [14] [15] [16] . This treatment should be carried out in renal transplant recipients to slow down the progression of chronic graft nephropathy.
Development of high blood pressure at 3 months did not correlate with the weight differences between donor and recipient, in contrast to the Moreso et al. [10] study. They observed a higher incidence of hypertension at 1 year of follow-up in larger sized recipients who received a lower renal mass. On the contrary, delayed graft function and the presence of a prior transplantation were predictors of post-transplant hypertension in our study. Perhaps the different times of post-transplant evolution (3 months vs 1 year) could explain these differences.
The distribution of cadaver donors has traditionally been made by HLA matching since it was the factor that best predicted long-term graft survival [17, 18] . With the data of our study, in addition to obtaining the best HLA matching between donor and recipient, we must perform a close match between donor and recipient weight to assure the best long-term graft survival. Cadaver renal donor age has been increased without limits [19] . Given that elderly donor kidneys have a lower renal mass, due to age-related glomerulosclerosis [20, 21] , the recipients of these kidneys should be selected more adequately. According to the findings of Cecka and Terasaki [22] and those of our study, these recipients should be elderly and have a weight equal to or less than that of the donor. If this type of recipient is not found, a double transplantation might be performed in an elderly recipient [19] . With the engraftment of two kidneys, the renal mass transplanted is doubled, thus mitigating the hyperfiltration phenomena. In this way, age-related glomerulosclerosis and the disproportion of donor and recipient weight would be compensated.
It has been proposed that the elderly recipient has less immunological reactivity and can therefore tolerate the renal transplant with a lower immunosuppressive dose [22] . In our study we also observe that acute rejection is an independent risk factor for the development of chronic graft nephropathy. Thus, immunosuppressive protocols to avoid acute rejection in the elderly should be designed with the same care as in young recipients.
In conclusion, special attention should be given to matching the donor and recipient body weight. In renal transplantation, the most unfavourable weight relationship, which is an independent risk factor to develop chronic graft nephropathy, is donor weight lower than recipient weight. With elderly donors, special care should be taken when choosing recipients whose weight is lower or when performing a double renal transplantation.
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